INTRODUCTION
Hemicycliostyla Stokes, 1886, is a relatively little known group of urostylid hypotrichs (5stichotrichs in Lynn, 2008) , of which four valid species are recognized according to the recent revision by Berger (2006) , namely: Hemicycliostyla concha (Entz, 1884) Kahl, 1932; Hemicycliostyla lacustris Gellért & Tamás, 1958 ; Hemicycliostyla marina Kahl, 1932;  and Hemicycliostyla sphagni Stokes, 1886 . All such species are in need of modern redescriptions to clarify details of their ciliature pattern and improve their systematics (Berger, 2006) . During a survey of ciliates from the State of Pará (northern Brazil), we found a population of hypotrich ciliates that fitted the description of H. sphagni. We thus present a redescription of this species based on new interphase and morphogenesis data and hypothesize its 18S rDNA phylogeny. A redefinition of the genus Hemicycliostyla based on morphology of interphase individuals and features of the divisional morphogenesis is also proposed.
METHODS
The ciliates were obtained from raw infusion cultures made of samples of moss freshly collected from the concrete walls of an artificial freshwater stream located at the entrance of Instituto de Ciências Bioló gicas, Universidade Federal do Pará (Belém -PA, Brazil; 1u 289 24.270 S 48u 279 27.250 W) in July, 2006. The mosses were not submerged in the water stream, but were wet due to the frequent rainfalls common in that region. Individuals of H. sphagni were analysed in vivo under a stereoscopic microscope, by bright-field, differential interference contrast microscopy and after protargol impregnation (Dieckmann, 1995) . Measurements in Table 1 were made from protargol-impregnated specimens at a magnification of 61000. The number of macronuclear nodules was estimated by counting the nodules within a 50 mm 2 square section at the mid-body of protargol-impregnated organisms and extrapolating the value to the approximate area occupied by the nuclear figure were performed in the computer software GraphPad Prism 4 (Motulsky, 1999) . Diagrammatic representations of H. sphagni were made via drawing software (PhotoImpact 8.0; Ulead Systems) and were based on actual sketches and photographs of various live and protargolimpregnated individuals. Scale bars were used when necessary and terminology mainly follows Berger (2006) . The systematics of hypotrichs is still a confusing subject (Lynn, 2008) and taxon delimitation usually varies among different classification schemes (e.g. Berger, 2006 Berger, , 2008 Berger, , 2011 Jankowski, 2007; Lynn, 2008) . Thus, vernacular names are used to refer to taxa above the genus level.
Specimens of H. sphagni were isolated for DNA extraction and amplification of the 18S rDNA marker following Paiva et al. (2009) , using the hypotrich primers described therein. An 18S nucleotide matrix was built with the obtained fragment plus other sequences downloaded from GenBank. These included sequences of supposedly related organisms, focusing on the 'core' urostylids (Paiva et al., 2009) , but also included other urostylids. Sequences of the discocephalid Prodiscocephalus borrori (Wicklow, 1982) Lin, Song & Warren, 2004 , and the pseudoamphisiellid Pseudoamphisiella Song, 1996, were included as outgroup (Wicklow, 1982; Yi et al., 2008b) . Sequences were aligned with the software CLUSTAL X 2.0.12 (Larkin et al., 2007) , using the gap-opening and gap-extension parameters from Paiva et al. (2009) . The software BioEdit v7.0.5 (Hall, 1999) was used to inspect the nucleotide alignment and further refine it manually.
Phylogenetic analyses of the 18S nucleotide matrix were performed via different approaches, namely Bayesian inference (BI), maximumlikelihood (ML) and maximum-parsimony with successive weighting of characters (MP).
The BI was performed via the software MrBayes 3.1.2 (Huelsenbeck & Ronquist, 2001 ) and was based on two Markov Chain Monte Carlo (MCMC) simulations which ran with four chains of 1 000 000 generations. Trees were sampled each 200 generations (temperature of heat chains50.2) and the first 100 000 generations were discarded as burn-in. For ML, the software PhyML 3.0 (Guindon & Gascuel, 2003) was used to build a starting BioNJ (Gascuel, 1997) tree, of which likelihood was maximized via 'subtree pruning and regrafting' branch swapping moves. MP analysis was performed via the software PAUP* 4b10 (Swofford, 2003) using only parsimony-informative characters, with gaps coded as a 'fifth-base' and the 'branch and bound' strategy employed to search for optimal trees. Successive weighting iterations based on characters' rescaled consistency index (Farris, 1969; Kitching et al., 1998) were performed until weights stabilized.
Both BI and ML analyses included parameters of the GTR+I (50.6671)+G (50.5653) nucleotide substitution model (Rodríguez et al., 1990) , which was found to best fit the nucleotide matrix used according to the 'minimum theoretical information criterion' (Akaike, 1974; Bos & Posada, 2005) , applied via the software MODELTEST 3.7 (Posada & Crandall, 1998) .
Node support was accessed via posterior probabilities in BI; via 1000 non-parametric bootstrap pseudoreplicates in ML; and 1000 jackknife (JAC resampling) pseudoreplicates in MP. Rooting was performed a posteriori, according to outgroup position (Nixon & Carpenter, 1993) . The trees were visualized and edited for printing in the software MEGA 4.0 (Tamura et al., 2007) .
According to Berger (2006) , type material of H. sphagni is unlikely to exist; hence, neotypification is necessary. However, the present population is more similar to the synonym Hemicycliostyla trichota Stokes, 1886, than to the original description of H. sphagni and is heterogeneous in relation to an important feature, namely the presence/absence of transverse cirri (see 'Results and Discussion' below) . Since the studied specimens were not obtained from clone cultures, one cannot fully exclude the possibility of those individuals presenting transverse cirri and those lacking it actually belonging to two sibling species. Because of such, we decided not to establish a neotype from the present material. Voucher slides (IBZ 0012-1; 0012-2) of the Asterisk marks the adoral zone, the white arrow indicates the belt of rods associated to the undulating membranes, the white arrowhead points to the leftmost cirrus of the anterior corona of the bicorona, the black arrowhead points to the leftmost cirrus of the rear cells, but which extruded after fixation (Fig. 2c, j) . They formed a furry coat of~4-6 mm long and roughly cylindrical argentophylic bodies, which masked the cirral pattern in various specimens (Fig. 2j ). The contractile vacuole had two ordinary collecting channels and food vacuoles contained phytoflagellates (Figs 1a, 2a, c, d ).
The adoral zone extended to 34 % of body length on average and bore 61-86 membranelles in the analysed sample. The distal end of adoral zone value (DE-value) (Wicklow, 1981; Wiackowski, 1988b; Berger, 2006) was of~0.45 and the frontal region was slightly cephalized (Figs 1a, b, 2b, e) . The undulating membranes optically intersected each other slightly anteriad of their equatorial region, with the distal portion of the endoral membrane placed slightly anteriad to the distal portion of the paroral (Figs 1b, 2e). The buccal cavity was more or less deep, and the peristome was hook-shaped and curved leftwards (Figs 1a, 2b) . A belt formed by several argentophylic rods is associated with the undulating membranes ( Fig. 2e, i) . Usually, two rows of cirri were present just right of the undulating membranes. The left (buccal) row had 3-6 cirri and the other (parabuccal) row had 1-3 cirri. The parabuccal cirri row was lacking in a few specimens (Figs 1a, b, 2e-h).
In most specimens, the frontal ciliature was arranged as a typical bicorona, but a few individuals had slightly deviant frontal cirri patterns. In all specimens, the leftmost cirri of the bicorona were always stronger than the cirrus immediately to the right. Such cirri became progressively narrower as the bicorona extended posteriad (Figs 1a, b, 2f, g ). The midventral complex was composed of cirral pairs, although sometimes an extra cirrus occurred behind the rearmost midventral pair. In most of the analysed specimens, the midventral complex was not clearly separable from the posterior end of the bicorona; thus, the cirri of both structures were herein lumped as 'fronto-ventral' cirri, which ranged from 36 to 46, with the midventral complex ending at about 46 % of the body length on average ( Fig. 1a, b ; Table 1 ). Two fronto-terminal cirri were present located just right of the rearmost cirri of the bicorona (Figs 1b, 2f) . In 50 % of specimens that were sufficiently impregnated at their posterior region to clearly exhibit the cirral pattern therein, transverse cirri were absent. In the other specimens, there were 2-7 narrowly spaced and inconspicuous transverse cirri arranged in an oblique row, located near the posterior end of the cell (Figs 1a, b, 3a-c). One must also consider, however, the possibility of the organisms that were interpreted as lacking transverse cirri actually having a single transverse cirrus which, due to its inconspicuousness, was indistinguishable from the rear marginal cirri in our preparations. Pretransverse cirri were absent in all studied specimens.
Hemicycliostyla sphagni exhibited 8-12 left (LMR) and 9-11 right (RMR) marginal cirral rows. With the exception of the innermost rows, the majority of RMRs commenced on the dorsal surface, but all those terminated ventrally, at different levels in the posterior region of the body. Remarkably, the innermost RMR extended only slightly behind mid-body. The outermost LMRs were entirely placed on the dorsal side of the cell, whereas the central LMRs commenced behind the level of the adoral zone and terminated dorsally, and the innermost LMRs terminated ventrally (Fig. 1a-c) . Generally, the distance between each marginal row was about 10 mm in protargol-impregnated specimens. Unfortunately, the variability in the number of cirri per row could not be documented because the pattern was often masked in various parts by extrusomes or the nuclear apparatus (Fig. 3d) . In all studied individuals, the outermost marginal rows were combined rows (Eigner, 1995) , which means they were preceded by dorsal bristles. The true dorsal kineties were organized in 3-5 main oblique rows of very short bristles about 1.5 mm long (size estimated from protargol-impregnated individuals). The rows were accountable in the middle region of the dorsal surface, but hard to follow because they were mixed with the bristles preceding the combined marginal cirral rows at their anterior region and further scrambled at the rear end of the body. Caudal cirri were lacking (Figs 1c, 2k ).
The nuclear apparatus was composed of around 300 (n515) nodules that measured about 4-12 mm along their longest axis, varied from spherical to ellipsoid or slight dumbbell-shaped, and were scattered in the entire cell interior (Figs 3d, e) . Micronuclei were globular, about 4 mm across in interphasic specimens, located randomly among the macronuclear nodules (Fig. 3e) . The micronuclei were hardly differentiable from the several macronuclear nodules so their numbers were determined from dividers with the macronuclear nodules fused; 6-10 micronuclei (n54) were exhibited.
Divisional morphogenesis (Figs 3f-5j) . Only middle and late dividers and reorganizers were present in our slides. These, however, allowed us to verify several morphogenetic aspects of H. sphagni. A slight reorganization of the proximal parental adoral membranelles, which starts as a pouch of basal bodies in the infundibulum entrance ( Fig. 4a-c) , occurs during the middle stage of morphogenesis; the parental undulating membranes fuse to form the proter's undulating membranes primordium before giving rise to the leftmost frontal cirrus (Fig. 4a-c) ; the cirri of the rear corona and the buccal and parabuccal cirri participate in fronto-ventral primordia formation of the proter (Figs 4a, b, 5a); new buccal and parabuccal cirri are formed by the two left-most ventral primordia ( Figs 4d, 5a) ; and the parental midventral ciliature participates in the formation of fronto-ventral primordia probably of both dividers.
However, the cirrus homologue to the 'V/3' (Wallengren, 1900 ) cirrus in typical oxytrichids, i.e. the rear (5left) one of the rightmost midventral pair (Berger, 1999 (Berger, , 2006 , probably does not participate in the process, since the rearmost midventral cirri are retained until late morphogenesis (Fig. 5g) . The new fronto-terminal cirri originate from the rearmost ventral primordium and probably migrate to the anterior region of the body very late during morphogenesis (Figs 4d, 5a) . Hence, the extra cirrus which is sometimes present just behind the rearmost midventral pair (Fig. 1b) is homologous to the right pretransverse cirrus of typical oxytrichids (Berger, 1999 (Berger, , 2006 , albeit it does not migrate posteriad to the ordinary pretransverse location. Only the rearmost fronto-ventral primordia produce transverse cirri (Figs 4b, d, 5a) ; the reduction in the number and lack of transverse cirri are due their procirri being reabsorbed in very late dividers; the marginal cirral rows and dorsal kineties all develop via individual within-row primordia, formed independently on each divider; the parental marginal rows become tripartite in middle dividers due to the within-row development and growth of the marginal primordia (Figs 3f, 5b, c); caudal cirri are not formed; all macronuclear nodules fuse into a single mass during middle to late stages, and then normally divide in two and then into four dumbbell-shaped nodules ( Fig. 5d-f ), but which occasionally may split irregularly in late dividers (Fig. 5g) .
Reorganization (Figs 5h-5j) . During reorganization morphogenesis, a long and straight oral primordium is formed below the level of the adoral zone. It is connected to the undulating membrane primordium, which, on the other hand, is not connected to the ventral primordia, which develop from the rear corona, buccal cirri and midventral complex (Figs 5h-j) . The belt composed of argentophylic rods associated with the undulating membranes disaggregated during divisional and reorganization processes, but was unlikely to produce the reorganizer's new adoral membranelles, as stated by Paiva & Silva-Neto (2006) for Pseudourostyla pelotensis Paiva & Silva-Neto, 2006 . A reexamination of P. pelotensis slides proved that to be a misinterpretation induced by the peculiar morphology of the rods, which are similar to early developing membranelles seen after Dieckmann's protargol-impregnation technique.
Redefinition of Hemicycliostyla Stokes, 1886
In the past, Hemicycliostyla was thought to be synonymous with Urostyla Ehrenberg, 1830 [see Berger (2006) for a detailed account of the rather complicated history of this genus taxonomy]. Our results show that H. sphagni has frontal cirri arranged as a conspicuous bicorona, DE-value .0.28, has fronto-terminal cirri, and does not form long midventral cirral rows. This combination of features fits the Retroextendia Berger, 2006 , and thus, synonymy with Urostyla, which lacks fronto-terminal cirri and presents long midventral rows (generated by the rearmost ventral primordia), is excluded.
The absence of transverse cirri in interphasic specimens was a diagnostic feature of Hemicycliostyla which permitted its separation from Pseudourostyla Borror, 1972, a genus that also belongs to the Retroextendia according to Berger (2006) , has multiple marginal cirral rows and transverse cirri (Berger, 2006) . Since the presence/absence of transverse cirri in H. sphagni was herein found to be intrapopulationally variable, the diagnosis of both genera overlap when based solely on interphase.
The replication manner of the marginal ciliature is, however, different from that of most species of Pseudourostyla in which morphogenesis is known (Wiackowski, 1988a; JerkaDziadosz, 1972; Takahashi & Suhama, 1991; Berger, 2006; Chen et al., 2010; Kumar et al., 2010) . In most representatives of Pseudourostyla, marginal cirral rows replicate from sets of multiple primordia that arise from a single parental row on each divider [diagnostic feature of Pseudourostyla; see Berger (2006) ], whereas H. sphagni replicates its marginal rows in the same manner as Urostyla (Ganner, 1991) . Therefore, a redefinition of Hemicycliostyla is proposed based on a combination of features from interphase and divisional morphogenesis: Retroextendia sensu Berger (2006) with bi-or multicoronal frontal cirral pattern;
fronto-terminal cirri present; multiple left and right marginal cirral rows that replicate independently via within-row development, each parental row producing one primordium per divider; caudal cirri lacking; presence/absence of transverse cirri may be intrapopulationally variable.
Just recently, Kumar et al. (2010) observed from a reorganizer of Pseudourostyla franzi Foissner, 1987 , from India, that this species replicates its marginal rows via independent within-row primordia, as with H. sphagni. They suggested the relocation of P. franzi to another genus based on characteristics such as its terrestrial habitat, its marginal rows occupying a large part of the dorsal surface and its manner of marginal row replication. Given the similarity to H. sphagni in such traits, we have transferred P. franzi to the genus Hemicycliostyla as Hemicycliostyla franzi comb. nov.
Comparison with related species
Stokes (1886) originally described H. sphagni from marsh waters containing Sphagnum, collected near his residence in Trenton, USA (Berger, 2006) . Along with H. sphagni, he also described Hemicycliostyla trichota, isolated from the same place. Both species were largely similar; their most conspicuous differences were the number of contractile vacuoles (two in H. sphagni vs one in H. trichota) and the presence of vacuolised cytoplasm in H. sphagni vs not vacuolised in H. trichota; see Berger (2006) . Additional differences presented by Stokes (1886) and discussed in detail by Berger (2006) include: the body length : width ratio of 3 : 1 in H. trichota vs 4 : 1 in H. sphagni; less extensile body in H. trichota vs extensile in H. sphagni; increased number of macronuclear nodules in H. trichota; the presence of 'paroral' cilia on the right margin of the proximal region adoral zone in H. trichota (absent in H. sphagni); and H. trichota being less active than H. sphagni (Stokes, 1886; Berger, 2006) . Tai (1931) and Gong & Shen (1989) described populations of H. trichota and H. sphagni, respectively, which are in accordance with Stokes (1886) . Conversely, Kahl (1932) considered H. trichota to be a variation of H. sphagni due to their subtle differences and because they were found in the same pond. Both species were later synonymized by Borror (1972) and such synonymy was accepted by Berger (2006) , although he considered that further populations have to be studied to evaluate whether or not H. trichota is valid (Berger, 2006, p. 816) .
The present population holds more resemblance to the original description of H. trichota than to H. sphagni since it exhibits a single contractile vacuole and does not display a vacuolised cytoplasm. The body size of the present population of H. sphagni is outside the range of the original description, which measured 420-5106100-130 mm (Stokes, 1886; Berger, 2006) , and close to the population studied by Gong & Shen (1989) , which measured 380-450 mm, but within the range of the H. trichota population studied by Tai (1931) , which measured 345664 mm, thus suggesting a continuous variation of body size among populations. Therefore, we agree with Berger (2006) that morphological investigation of additional populations based on modern microscopy techniques is necessary to determine whether the differences pointed out by Stokes (1886) are sufficient for species separation or not. Until then, we accept Borror's synonymy as a conservative approach and treat both organisms as a single nominal species.
H. franzi comb. nov. differs from H. sphagni by exhibiting brown coloration under the stereoscopic microscope (Foissner, 1987) (vs green in H. sphagni) and invariably presenting transverse cirri, which vary in number from about eight (5-11) in the type population from Africa (Foissner, 1987) , about six in the Chinese population mentioned by Shen et al. (1992) and about 12 (10-14) in the Indian population (Kumar et al., 2010) , and, in H. sphagni, are lacking in 50 % of the studied specimens and about four (2-7) when present. Nevertheless, the Indian population of H. franzi is remarkably similar in most morphometric features to the present population of H. sphagni; thus, the possibility of their conspecificity cannot be excluded; see Kumar et al. (2010) .
H. lacustris Gellért & Tamás, 1958 , is a limnetic species which, like H. sphagni, has the frontal ciliature organized as a bicorona. Buccal cirri were not depicted by Gellért & Tamás (1958) and, thus, are possibly absent (vs present in H. sphagni). According to their illustration, the peristomial lip is relatively short, as is the paroral membrane (vs long in H. sphagni). Additionally, the macronucleus consists of only~50 nodules in H. lacustris, whereas~300 are present in H. sphagni.
H. concha (Entz, 1884 ) Kahl, 1932 , and H. marina Kahl, 1932 are marine congeners that differ from H. sphagni by having the frontal ciliature arranged as a multicorona (Berger, 2006) . Furthermore, H. concha presents only two macronuclear nodules (Entz, 1884 ) and the adoral zone of H. marina seems to occupy~50 % of its body length (vs 34 % in H. sphagni).
Phylogeny of Hemicycliostyla sphagni (Fig. 6) The obtained 18S rDNA fragment of H. sphagni had 1774 nt (without gaps) and a G+C content of 41.9 mol%. The nucleotide matrix had 1865 characters, of which 1308 were constant and 149 were variable but parsimonyuninformative, thus resulting in 408 informative characters. Alignment gaps improved overall homology retention in~2.21 % and character consistency in~3.96 %, thus confirming their usable phylogenetic signal for parsimony analysis (Giribet & Wheeler, 1999) .
All three analyses consistently recovered the same phylogenetic pattern (Fig. 6) , showing the current character matrix of 18S rDNA of urostylids to be robust to the differences in analytic criteria employed by the BI, ML and MP algorithms. The hypotheses of relationships recovered in the resulting topology are mostly in agreement with recent literature on the phylogeny of urostylid hypotrichs (e.g. Paiva et al., 2009; Yi et al., 2009; Chen et al., 2010; Huang et al., 2010; Li et al., 2010b; Yi et al., 2010; Song et al., 2011) . Briefly, it recovered the 'core' urostylid group, which is the largest urostylid monophylum present in 18S rDNA trees of hypotrichs when several non-urostylid taxa are included (Paiva et al., 2009; Song et al., 2011) , and the herein called 'outer' urostylids. The outer urostylids are smaller groups formed by species traditionally classified as urostylids (see Berger, 2006; Jankowski, 2007; Lynn, 2008) , but which depart from the core urostylids in 18S rDNA trees. Their phylogenetic placement results in polyphyly of traditional urostylids in such analyses (e.g. Schmidt et al., 2007; Paiva et al., 2009; Huang et al., 2010; Li et al., 2010a (Berger, 2006) , but nevertheless showing the retroextendians to be polyphyletic. This is basically due to the position of Apokeronopsis spp.+Thigmokeronopsis stoecki Shao et al., 2008 , away from Pseudokeronopsis spp., a phylogenetic pattern that is consistent with previous studies (e.g. Yi et al., 2008a Yi et al., , 2010 Li et al., 2010a) . The 18S rDNA sequences of H. sphagni and H. franzi were 98 % similar and differed from that of P. cristata by 8.1 and 6.5 %, respectively. Such results both confirm a close relationship between Hemicycliostyla and Pseudourostyla, as supposed by Berger (2006, p. 735) , and support the exclusion of P. franzi from Pseudourostyla, as suggested by Kumar et al. (2010) .
Considering morphology, H. franzi comb. nov. and H. sphagni share similar kinds of extrusive cortical granules, which resemble trichocysts, and are also present in Pseudourostyla (Wiackowski, 1988a; Oberschmidleitner & Aescht, 1996; Berger, 2006; Paiva & Silva-Neto, 2006; Zhang et al., 2011) . Berger (2006, p. 756 ) conjectured that such peculiar granules could be an apomorphy of Pseudourostyla. Hence, their presence in H. sphagni further supports the close relationship between both genera. Additional conspicuous morphological similarities between H. sphagni and H. franzi, but which are not shared with P. cristata and most other well-known species of Pseudourostyla (see Berger, 2006) , seem to corroborate the present phylogenetic hypothesis and the transference of P. franzi to the genus Hemicycliostyla (Table 2 ). These are: the shortened midventral complex (vs extending to near the transverse cirri); lack of pre-transverse cirri; and the arrangement of the marginal and dorsal ciliature fields with some marginal rows at the dorsal side and combined rows (vs with marginal kineties restricted to the ventral side and lacking combined rows) (Foissner, 1987; Berger, 2006; Kumar et al., 2010) . It is noteworthy that P. pelotensis shares the above-mentioned morphological similarities with H. sphagni and H. franzi and, thus, its taxonomy must be reassessed when morphogenetic data become available. Another feature that deserves attention relates to the rear corona of H. sphagni, which participates in ventral primordia formation in the proter, whilst in P. cristata, P. levis Takahashi, 1973, and P. nova Wiackowski, 1988 , it stays intact in middle dividers and is reabsorbed in late dividers (Jerka-Dziadosz, 1972; Wiackowski, 1988a; Chen et al., 2010; Kumar et al., 2010) . This feature needs to be investigated in further species of Hemicycliostyla and Pseudourostyla in order to assess its relevance for genus discrimination.
